Abstract. -A quadratic network of mutually intersecting channels with single-file confinement is considered as a host system for molecules A undergoing a unidirectional reaction A → B in the channel intersections. If each of the two sets of perpendicular channels is able to accommodate only one of the two types of molecular species, the overall particle concentration deviates significantly from being homogeneous. Under these conditions, the effective reactivity may substantially exceed that in an equivalent system without mutual particle exclusion.
Introduction. -The invention of zeolite catalysts with networks of different channels like MFI-type zeolites (ZSM-5, silicalite [1] ) has given rise to speculation about the possibility of reactivity enhancement by "molecular traffic control" [2] . This conception suffered from the fact that neither experimental evidence nor molecular simulations have so far been provided for the support of its feasibility. Thus, over many years, it has remained a subject of controversial discussion [3] [4] [5] [6] [7] [8] . With the application of the concept of single-file diffusion -i.e. of onedimensional diffusion with the additional constraint that the individual diffusants are not allowed mutually to exchange their positions [9] [10] [11] -to zeolite science and technology [12] [13] [14] [15] [16] [17] , for the first time the analytical treatment of the transport behaviour in networks of zeolite catalysts, which have been claimed to give rise to an enhancement of the catalytic reactivity, has become possible [18] . It is the intention of this letter to demonstrate the interrelation between reactivity enhancement and the deviation from homogeneous site occupation.
Reactive networks of uniform site occupancy. -Being subjected to constant boundary conditions, homogeneous host systems are well known to be homogeneously occupied by guest molecules. By assuming that the system may be represented by an entity of lattice sites with molecular diffusion proceeding by jumps between adjacent sites, this is an immediate consequence of the stationarity condition of the kinetic equation
where Θ i denotes the probability that site i is occupied and Γ ij stands for the jump rate from site i to site j, if site i is occupied and site j is vacant. Jumps are assumed to be only possible to the n (equivalent) neighbouring sites. Expressing homogeneity by setting Γ ij = Γ ji = Γ, and considering stationarity (dΘ i /dt = 0), from eq. (1) one obtains
or, as a consequence of the equivalency of the neighbouring sites,
In our study, we consider an arrangement of two systems of parallel channels, which are assumed to be able to host molecules at certain sites of distance λ between each other. One site is assumed to be unable to host more than one molecule at the same time, so that the molecules cannot pass each other. Molecular arrangements of this type have been termed single-file systems [9] [10] [11] [12] and have become an object of intense theoretical [11, 16, 17, [19] [20] [21] [22] [23] [24] and experimental [13-15, 25, 26] investigations. In the case of mutually intersecting single-file systems, the next-neighbour number n of eqs. (1) and (2) becomes 4 for the sites in the channel intersections and 2 for the sites in the channel segments, respectively. Unimolecular, first-order reactions A → B do not affect the establishment of a homogeneous particle distribution, if the properties of the A-and B-type molecules are identical and one is exclusively concerned with the (overall) particle distribution and not with the distribution of the individual species A and B. Assuming, for simplicity, unidirectional reactions A → B with the reaction rate k R , occurring exclusively in the channel intersections, for the sites in the channel intersections eq. (1) has to be extended to (5) and introducing the overall occupation probability
again leads to eq. (1), with (3) as a consequence of the stationarity condition. Deviation from uniform site occupation. -Deviations from a homogeneous particle distribution may be attained by breaking the symmetry in the jump probability distribution from the channel intersections into the adjacent four channel segments. Situations of this type may occur in zeolitic adsorbate-adsorbent systems [1, 27] . Zeolites are nanoporous crystals. Some of which, like, e.g., the MFI-type zeolites (ZSM-5 and silicalite), are known to consist of a network of two parallel channel systems, intersecting each other. It has been demonstrated that the preference of the individual components of adsorbate mixtures to the two channel types may be quite different [28] [29] [30] . As a limiting case, we consider the reactant (A-type) molecules to be exclusively capable of occupying sites in one channel type (the α-channels), while the product (B-type) molecules are only hosted by the other type of channels (β-channels). α-and β-channels form a planar, rectangular network where α-and β-channels show into directions standing perpendicular to each other. The A-molecules being supplied by the surrounding gas phase are only able to enter the α-channels. The concentration of B-molecules in the gas phase is kept to zero, so that there is no entering of B-molecules from the gas phase into the adsorbent. A-or B-molecules are assumed to be able to leave the marginal sites into the atmosphere at the same rate as they are able to jump to vacant sites. Any such event is immediately followed by an insertion of an A-molecule into an arbitrarily selected vacant marginal site where an A-molecule is allowed to get to. In this way, the network may be simulated at any given coverage.
During the sequence of stochastic jumps along the sites of the α-channels, the A-molecules will also reside on sites in channel intersections. Only here they have the chance to be converted into B-molecules. Depending on the occurrence or non-occurrence of conversion A → B, the particle entering the site in a channel intersection will continue its way: Similarly, as by the action of a Maxwellian Demon, particles are ordered to step forward or backward (if they have not converted) or -after conversion-have to go to the left or to the right. Once being converted into a B-molecule, the particles remain in the β-channels until their eventual escape into the gas phase from one of the two marginal sites. The fate of the A-molecules is either to be converted into a B-molecule, or again to leave -still as an A-molecule-the α-channel which they have initially entered.
The action of a Maxwellian Demon who directs A-molecules in one direction and Bmolecules in another one is completely "legal". It is in fact clearly possible to separate a binary mixture A and B into its individual components by using our network as a membrane with the influx side jointly hosting the "entrances" of the α-and β-channels, and a divided permeate side comprehending the α-channels and β-channels separately from each other. Considering the evolution of all subsystems during this process the total entropy is found to increase.
In their paper [2] Derouane and Gabelica have coined the name molecular traffic control for structure-related preferences of molecular diffusion and their consequences for catalytic reactions. The model system considered in this letter ideally fulfils the requirements of "molecular traffic control". In the following, molecular concentration profiles in this particular "moleculartraffic-control" (MTC) system shall be compared with the concentrations emerging in a reference (REF) system, where the A-and B-molecules are hosted by the α-and β-channels with equal readiness. Like in the MTC system, there is no adsorption of B-molecules. Desorption of the A-and B-molecules may occur on the marginal sites of both the α-and β-channels.
We have determined stationary particle distributions in a network of 5 α-channels and 5 β-channels, intersecting each other, with 5 sites between each channel intersection on both the α-and β-channels. Beyond the last intersections, five more sites were assumed to exist on either side of the channel. Molecular adsorption and desorption occurred on the marginal ones of these five sites. The simulations were carried out by stochastically distributing molecules over the network of single-file systems so that their total amount divided by the total number of sites complies with the desired overall site occupancy. In our simulations, the site occupancies were chosen between Θ = 0.1 and Θ = 0.7. Afterwards, the system was allowed to evolve according to the internal rate processes. Depending on their position, the stochastically selected particles were subjected to the following procedure: If the selected molecule is situated on a site within a channel segment the selection is disregarded with probability 1 2 having in mind the twodimensional particle arrangement in our system. Such particles cannot jump perpendicular to the channel direction. With probability 1 4 the molecule starts a jump attempt to a particular one of the two adjacent sites. This attempt is successful if the site towards which the jump attempt is directed, is vacant. If this site is occupied, the particle arrangement remains unchanged and the next particle is selected.
If the selected molecule i) is situated on a site in a channel intersection and ii) is an A-molecule, it is transferred into a B-molecule with the probability k R . A B-molecule is kept unchanged. The subsequent location of the particle depends on the considered network type. In the REF system, with probability 1 4 a particular one of the 4 adjacent sites is selected. The jump attempt towards this site is successful if it is vacant. In the MTC system, with probability 1 2 the selection is disregarded (which corresponds to jump attempts into the channel segments which are unable to accommodate the selected molecule), with The mean time between two jump attempts, being assumed to be the time unit of our simulations, has elapsed, after N particles have been activated, where N is the number of particles on the network. Regarding the rate of particles produced on the network per time unit, stationary conditions are assumed to be attained, if this rate is observed to be constant. The validity of this assumption has been confirmed by changing the evolution time in selected examples by a factor 2. In all these cases, the attained particle distributions were essentially found to be identical. Particle distributions were determined by taking the average over 10 6 configurations. Figure 1a -e and 2a-e represent the overall particle distribution over the α-and β-channels as well as of the A-and B-molecules in the MTC and REF systems for two different reaction rates k R = 0.01 ( fig. 1) and 0.1 (fig. 2) per unit time. In both cases, the overall site occupancy has been chosen to be equal to 0.4. It appears from figs. 1f and 2f that the simulations clearly confirm eq. (3) following from eqs. (4) and (5) with the notation of eq. (6): the total concentration Θ AB = Θ A + Θ B in the REF system is constant all over the lattice. As becoming evident from figs. 1c and 2c, however, in the MTC system the overall particle distribution is found to deviate significantly from homogeneity. It is in particular found that the α-sites close to the margin of the network are much more populated than the corresponding sites in the middle of the network. Obviously, as a consequence of the chemical reactions in the intersections (or -in a translated sense-of the activity of a Maxwellian Demon directing the molecules from the α-into the β-channels), molecules are prevented from propagating into the inner parts of the α-channels. This becomes particularly evident in the representations of figs. 1a and 2a. As a consequence, the β-channels close to the margins of the α-channels are much more populated than those in the middle (cf. figs. 1b and 2b) . By comparing figs. 1 and 2, -as to be expected-this effect is found to be much more pronounced for larger reactivities.
Enhanced reactivity as a consequence of the overall concentration gradients. -As a consequence of the individual particle history, viz. net influx as A-molecules into the α-channels and efflux as B-molecules from the β-channels, the concentration of the A-molecules is decreasing towards the middle of the network ( figs. 1a and 2a) , while the concentration of the B-molecules is decreasing towards the margin of the network ( figs. 1b and 2b) . This is clearly exactly the situation with the REF system (figs. 1d and 2d, and 1e and 2e, respectively), which is in agreement with the well-known Thiele concept of transport-controlled molecular reactions [31, 32] . As the remarkable difference between MTC and REF systems, however, in the REF system the concentrations of the A-and B-molecules add up to a constant value all over the system while in the MTC system overall concentration gradients are generated with occupation numbers significantly above the mean value for the sites close to the margins and, correspondingly, much lower occupation numbers in the middle of the system. Exactly this behaviour has been observed in the total concentration range considered. The effective reactivity of the system is given by the number of product (i.e. B-type) molecules produced per time unit. It is equal to the number of molecules A on the reactive sites multiplied by the intrinsic reactivity or -under the considered stationarity conditions-by the number of molecules B leaving the system per unit time. As a consequence, the effective reactivity will be the larger, the faster the product molecules disappear from the reactive sites, so that a largest possible fraction of them may again be occupied by reactant (i.e. A-type) molecules.
As the most prominent difference, the total concentration in the REF system between adjacent channel intersections is uniform, while there is a well-established concentration drop in the MTC system, being directed into the system for the α-channels, i.e. for the reactant (i.e. A-type) molecules, and from the interior to the system boundary for the β-channels, i.e. for the product (i.e. B-type) molecules. It is well known that this overall concentration gradient helps to overcome the transport inhibition brought about by the mutual confinement of the diffusants in single-file systems under equilibrium conditions [12, 33] . Disintegration of the active sites by the product molecules should therefore occur in the MTC system at a larger rate than in the REF system, leading to an enhanced effective reactivity. Figure 3 gives a comparison between the overall reaction rates of the MTC and REF systems under identical conditions for a mean occupancy of Θ = 0.4 as determined from the rate of desorption of B-molecules from the marginal sites. In agreement with the expected tendency, over a wide range of intrinsic reactivities, the overall output of B-molecules in the MTC system is found to be much larger than in the reference system. Thus molecular traffic control is in fact found to be able to lead to an enhancement of the overall reactivity in nanoporous catalytic systems. Though -for the sake of clarity-the simulation model has been chosen to be as simple as possible, it reflects the essential features of one of the most important zeolite structure types for catalysis: MFI-type zeolites are known to consist of two intersecting channel systems, where after corresponding modification procedures, the concentration of the reactive sites -e.g. of Bronsted-acid sites for catalytic cracking of longchain hydrocarbons-may be assumed to be preferentially located in the channel intersections. Moreover, the different accessibility of the two channel types by different molecules has been demonstrated by recent molecular dynamic simulations [29, 30] .
There is no doubt, however, that further specification of the influence of a large variety of conditions and parameters on this effect is an attractive task of further experimental and theoretical studies. They include the possibility of finite -but different-accessibility of the reactant and product molecules to the two channel types, the "length" of the channel segments between adjacent intersections, the channel extensions and more complicated channel architectures as well as more complicated types of chemical reactions.
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